Two trials were conducted to determine the NE value of ensiled wet corn gluten feed (WCGF) 
Introduction
Increased consumer demand for fructose sweetener in human foods and the use of ethanol as a fuel additive have resulted in an increase in the wet-milling process of corn. Wet corn gluten feed (WCGF), a principal coproduct of the wet-milling industry, is mainly dried and sold to formula feed manufacturers or exported. However, due to increased drying costs and the potential decline in exports, there has been considerable interest in supplementing beef cattle diets with WCGF. Also, storage of WCGF by ensiling with corn silage will enhance preservation by reducing spoilage and eliminate the need for delivery on a daily or weekly basis.
Numerous trials have been conducted to measure feedlot performance when WCGF is supplemented to corn grain-based diets (Fir- kins et al., 1985; Trenkle, 1986a,b) . However, information is not available on the NE value of ensiled WCGF in corn silage-based diets for beef cattle.
The objectives of our study were to measure the effects of WCGF level on performance and carcass traits of finishing steers and to determine the NE, and NEg value of WCGF in corn silage finishing diets for beef cattle.
Materials and Methods
Feedlot Trial. In this study, 130,612 kg of a 6040 (DM basis) mixture of WCGF and chopped whole corn plant were blended, ensiled, and fed in a feedlot trial to determine NE, and NE of WCGF. Alternate loads of chopped whofe corn material harvested Grom the same field were blended with WCGF or ensiled separately to ensure uniform corn silage for the trial. At time of feeding, the ensiled mixture was blended with corn silage to provide the following percentages of WCGF (DM basis): A) 0%; B) 20%; C) 40%; and D) 60% (Table 1) Six steers were selected at random from the 110 available in these trials and were slaughtered to determine initial body composition. The feedlot study was terminated and the steers slaughtered when 80% of the steers within a pen were visually estimated to reach a low Choice quality grade. This study was conducted during the fall months, and all steers were slaughtered after 140 to 168 d. Steers were stunned with a captive bolt before exsanguination. Carcasses were chilled for 24 h before carcass measurements were collected by a USDA grader. The 9-10-11th rib section was removed and physically separated into bone and soft tissue (Hankins and Howe, 1946 assigned randomly to one of the four diets and housed in elevated metabolism crates (92 cm x 214 cm) equipped with individual feeders and waterers. Steers were adjusted to their respective diets for 14 d. The adjustment period was followed by a 5d collection period during which total fecal outputs were collected. After each collection period, the steers were re moved to outside exercise lots for 7 d before being rotated to their next diet and the procedure was repeated. All steers were fed ad libitum in equal morning and afternoon feedings. Orts were weighed daily before the morning feeding and discarded. Total fecal collections were made on a daily basis for each steer. Daily fecal outputs were weighed and mixed, and a 10% (by weight) aliquot was saved for analysis. At the end of each collection period, the daily samples were weighed and dried to a constant weight in a forced-draft drying oven maintained at 95'C.
Dry matter values were calculated and averaged for the respective collection periods. These daily samples were then ground through a 2-nun screen in a Wiley mill, and an aliquot was composited for each steer.
Gross energy determinations were made on the feed and fecal samples using bomb calorimetry as described by the Parr Instrument Company (1960). Acid detergent fiber, ether extract, lignin, and ash were determined by AOAC (1980) procedures. Neutral detergent fiber of the feed and feces was determined by the method described by Van Soest and Wine (1967) . Hemicellulose was calculated as the difference between NDF and ADF. Cellulose content of feed and feces was calculated as the difference between ADF and ADL.
Total nitrogen content of the feed and feces were measured by a micro-Kjeldahl technique (AOAC, 1980). Feed and fecal starch determinations were made according to the MacRae and Armstrong (1968) procedure.
Net Energy Calculations. Fat and protein determinations on the 9-10-11th rib sections of the feedlot steers were used to estimate initial and final empty body composition using the equations developed by Garrett and Hinman (1969 Garrett et al., 1958 ).
Metabolizable energy was estimated from the DE values determined in the metabolism trial using a factor of .82 (NRC, 1976) . Heat production (HP) was determined indirectly as described by Lofgreen and Garrett (1968) using the formula HP = ME intake -carcass energy retained. The ME intake of the final slaughter groups of steers was calculated from the DMI (kg) on a pen basis and the ME value (kcal/kg) of the respective diets determined in the metabolism trial. A regression of the log of HP (k~al/BW.~~kg) on ME intake ( k c d BW.75kg) was established using HP at ad libitum intake (feedlot study) and HP at fasting or zero ME intake (77 k~aI/E%W.~~kg) as the data points. From the resulting regression equation the quantity of ME intake ( k c d BW.75kg) of the feedlot steers needed to maintain energy equilibrium was established as the value at which ME intake (k~al/BW.~~kg) was equal to HP (k~al/BW.~~kg). Dividing this ME intake value by the ME (kcaVkg) content of the respective diet determined the amount of diet DM (l~g/BW.~~kg) needed to maintain energy equilibrium. Because this quantity of DM intake had a NE, equal to HP at fasting, the NE, (kcal/kg) content of the diet was calculated as follows: (77 k~aliBW.~~kg)/(DMI kg/BW.75kg). The NEg (kcaVkg) values of the diets were determined as carcass energy retained divided by total DM intake minus DM needed for maintenance (Lofgreen and Garrett, 1968) and do not include any noncarcass components of the empty body.
Statistical Analysis. All data were analyzed using the GLM procedures of SAS (1985). Feedlot performance, carcass composition, and diet NE determinations were analyzed as a completely randomized design (Steel and Tome, 1980) with treatment and replications (pen) as the main effects, and the treatment x replication interaction was used to evaluate treatment response. Pen was the experimental unit except for ADG, for which individuals were included in the model, and the steer x replication x treatment interaction was used to evaluate treatment response. Treatment sums of squares were partitioned into linear and quadratic effects. Regression equations were generated for predicting NE, and values for WCGF using the treatment pen means (n =
3).
Metabolism trial data were analyzed as a 4
x 4 Latin square (Steel and Tome, 1980) with steer, period, and diet as the sources of Oliveros et al. (1987) , who reported that steers consuming diets supplemented with 40% WCGF were 11.4 and 16.8% more efficient than those fed dried corn gluten feed (DCGF) or corn grain, respectively. These researchers suggested that the improvement in feed efficiency may result from the additional protein and energy supplied by the steepwater, resulting in increased microbial activity. Similar results were reported by Green et al. (1987) . who found that steers fed WCGF gained faster (P < .05) and consumed more DM that steers fed DCGF.
Considerable research has been conducted on the usage of DCGF as an energy source in growing-finishing cattle diets (DiCostanzo et al., 1986; Green et al., 1987; Kampman and Loerch, 1989) . Kampman and Loerch (1989) supplemented 0, 40, 60, and 80% DCGF to corn silagebased diets for growing steers.
They reported that increased DCGF resulted in a linear increase (P < .05) in DMI and a quadratic increase (P < .OS) in ADG, however, a poorer (P < .01) feed/gain was reported. In a second growing trial, Kampman and Loerch (1989) reported that steers fed corn silagebased diets supplemented with 40% DCGF gained faster (P c .01) and consumed more DM (P .01) than those fed 20% DCGF. et al. (1986) . who reported increased gains and improved DMI for calves fed corn silage-based diets supplemented with 50 and 80% DCGF. These results are further supported by those of Green et al. (1987) . who found a linear increase (P c .05) in DMI and ADG when DCGF was increased in corn silage-based diets.
Similar results were observed by DiCostanzo
Dietary WCGF levels had no effect (P > .OS) on external fat thickness, marbling score, quality grade, or carcass fat (Table 3) . However, as the level of WCGF increased from 0 to 60%, carcass weight and kidney, heart, and pelvic fat increased linearly (P < .05). Steers receiving WCGF had larger (P < .OS) ribeye areas, a finding that is similar to reports by Trenkle (1986a) . Our results agree with earlier work by Firkins et al. (1985) , who found a linear increase in carcass weight, which may be attributed to increased gains of steers supplemented with WCGF. .40
%hear effect (P < .05) due to amount of WCGF in diet.
k t u r i t y : A-= 1; A = 2; A+ = 3.
'Marbling: Modest = 11; Small = 10; Slight = 9.
w t y grade: high Select = 9; low Choice = 10. 'Carcass fat determined by %lo-11th rib analysis. % k m s in the same row with different superscripts differ (P < .05).
Metabolism Trial. A linear increase (P < .05) in hemicellulose intake was observed as the level of WCGF increased in the diet (Table  4) . However, increased levels of WCGF resulted in a linear decline (P < .05) in ADF and cellulose intake. Digestibilities of NDF, ADF, and hemicellulose decreased linearly (P < .05) as the level of WCGF increased.
Conflicting results were reported by Kamp man and Loerch (1989), who found no differences in DM and NDF digestibilities as DCGF increased from 0 to 80% in corn silagebased diets fed to steer calves. These workers also reported a linear decrease (P < .Ol) in ADF digestibility as DCGF increased. In a second growing trial, Kampman and Loerch (1989) found a decline in DM, NDF, and ADF digestibility as DCGF increased in corn silagebased diets. These responses may be partially explained by the fact that steers fed 40% (Kampman and Loerch, 1989) . Green et al. (1987) had previously reported that DM and ADF digestion declined linearIy (P < .05) as DCGF level increased for steers fed corn silage diets. In a second trial, Green et d. (1987) found a linear decline in DM and ADF digestion as the level of corn gluten feed (wet or dry) increased in the diets of finishing steers fed high-grain diets.
As the level of corn gluten feed is increased in corn silage-based diets for growing cattle, studies indicate that there are reductions in the digestibilities of the fiber components (Green et al., 1987;  Kampman and Loerch, 1989) . Firkins et al. (1985) suggested that the wet-
milling process solubilizes the hemicellulose, leaving a residual NDF that is more resistant to degradation. The reduced particle size of WCGF, in contrast to silage, may result in a faster rate of passage, reduced ruminal digestion time, and a low digestibility of fiber components in WCGF-supplemented diets.
Although declines in digestibility of certain fiber components were noted and resulted in trends for reduced DE and ME values as the level of WCGF increased (Table 5) Regression equations shown in Figures 1  and 2 ET AL.
Implications
Although corn is the major crop grown in the U.S. and is a primary feed source for livestock, recent developments have increased the amount of corn undergoing the wet-milling process. However, due to drying costs, there is considerable interest in supplementing beef cattle diets with wet corn gluten feed. The results of our study found that the incorporation of ensiled wet corn gluten feed into corn silage-based diets improved dry matter intake, average daily gain, and f d g a i n . Furthermore, the actual determination of the net energy for gain value of wet corn gluten feed and establishment of prediction equations for use in mixed wet corn gluten feedcorn silage diets provides valuable information for producers and the wet milling industries for leastcost ration formulation.
